Abstract Studies on species invasion in wetlands are fundamental to understanding the consequences of the introduction of exotic plants, which are often utilized in grasslands. The loss of native plant diversity is of increasing concern. We evaluated the effect of Urochloa humidicola on floristic similarity between native and cultivated grasslands and the differences in spatial distributions between species. To analyze the effect of seasonality, we collected samples at the end of flood and dry periods. In native grasslands and another area cultivated with U. humidicola, samples were collected at three elevations (bottom; intermediate; and top). We identified 90 species and observed a high similarity between the cultivated and native grassland during the flood period; both grasslands exhibited significant differences during the drought period. This difference was due to an increased presence of grasses, mainly U. humidicola, in the cultivated grassland. Increased similarity between bottom and intermediate elevations was due to an increased proportion of aquatic macrophytes. In contrast, the top elevation differed due to the contribution of terrestrial species. We conclude that the native and cultivated grasslands exhibit differences in vegetation composition and are primarily structured by seasonal flooding, and small variations in elevation promote zonation within the plant community.
Introduction
The Pantanal wetland is a region strongly ruled by hydrology. The seasonal flood is the major ecological phenomenon in this region; therefore, this land is categorized as a seasonal wetland subject to flood pulses (Junk et al. 1989) . Extended flood duration is an adverse condition that cannot be overcome by many terrestrial vascular plants (Scarano 1998) . Variation in elevation produces permanent and/or periodically flooded zones (Arieira and Nunes da Cunha 2006) , that influence the presence and abundance of species, which are distributed along flood gradients and vary according to their tolerance to flooding and drought (Nunes da Cunha and Junk 2001) .
Natural grasslands comprise the largest part of the Pantanal flood plain, which is typically utilized for cattle ranching. Several herbaceous plant communities and numerous forage species coexist (Allem and Valls 1987) . The low productivity of native grasslands has caused an increase in cultivated grasses, mainly Urochloa humidicola (Rendle) Morrone & Zuloaga (Pott and Pott 2004) . Urochloa humidicola is flood tolerant because of its numerous adventitious roots that become evident during periods of excessive flooding (Mattos et al. 2005) .
The introduction of these species is a threat to local biodiversity and can lead to the exclusion of native species (Clavero and García-Berthou 2005) . Considering the important role of macrophytes in the conservation of wetland biodiversity and ecosystems, the introduction of Urochloa species is of concern given their rapid spread in the Neotropics (Michelan et al. 2010) .
Temporary flooding in tropical grasslands is common due to excessive water from rainy periods or poor drainage (DiasFilho 2002) . Plants survive water stress via tolerance mechanisms that induce metabolic and morphological adaptations (Crawford 1993) . In general, the damage to plants varies according to the frequency, duration and depth of the flood (Anderson 1974) . Floods in the Pantanal are recurrent due to seasonal rains and/or river overflow; however, native species exhibit similar responses to water stress due to recurrent flooding as well as flooding from unpredictable events (Arieira and Nunes da Cunha 2006) .
The process of flooding reflects in local plant diversity and, in this case, plant metacommunities can become more susceptible to invasion by exotic species (Sharma and Panu 2014) . The combination of environmental factors with some kind of disturbance are patterns which determine richness of native and exotic species in a time-space scale (Mack et al. 2000; Shea and Chesson 2002) . Therefore, flooding and dispersal and the seed bank of exotic species can affect the distribution of native plants in large scales (Fenner and Thompson 2005; Lilley and Vellend 2009) , whereas initial competition and habitat preference influence small-scale distribution (Davies et al. 2005) . Deleterious effects of competition on native plants are enhanced after disturbance, which may potentially lead to changes in ecosystem function (Mack et al. 2000; Pimentel et al. 2000) .
The introduction of an alien aggressive flood-tolerant plant species into wetlands is of great concern because it may become invasive and so interfere with native communities (Zedler and Kercher 2004) . Given that flooding has an important role in the Pantanal, and that extensive areas of grassland are being invaded by species of Urochloa, it is fundamentally important to understand the impact of invasive grasses in this wetland and how they can affect the native plant community. Therefore, the objective of our study was to evaluate the influence of grasslands cultivated with U. humidicola compared to native grasslands after the flood and drought periods in the Pantanal, and to determine the influence of topography on the spatial distribution of species.
We tested the following hypotheses: 1. The introduction of U. humidicola is limited by flooding and the increased colonization of adapted native species. 2. The characteristic seasonal variation of the Pantanal results in increased homogeneity in modified grassland during the rainy period. 3. Plant cover trends can be observed at topographic levels, demonstrating that flood depth can limit the establishment of certain species according to the ground level.
Material and Methods
The Brazilian Pantanal wetland exhibits a sub-humid tropical climate with a mean annual temperature of 26°C and a mean annual rainfall of 1100 mm (Allem and Valls 1987) . The study area is located in the sub-region of the Abobral in the Pantanal wetland in Mato Grosso do Sul, Brazil. This area is characterized by the presence of grassland areas that undergo a period of flooding (Silva and Abdon 1998) . Although the entire plain is flooded, various places are flooded for longer periods than others; these differences in flooding time vary according to elevation. These native grasslands are traditionally utilized as pastures and were partially replaced by cultivated grassland using the exotic Urochloa humidicola (Rendle) Morrone & Zuloaga (Poaceae). This species was first introduced 15 years ago.
To analyze the effect of the seasonal flood pulse on the plant species cover in native grassland and cultivated U. humidicola areas, we collected samples at the end of a flooding period (late June 2011) and at the end of a drought period (early October 2011) . To analyze the influence of exotic U. humidicola on the structure of native vegetation under grazing pressure, samples were collected from two grassland areas, 1 Km 2 each, that were utilized for grazing. These grasslands were classified as native grassland and cultivated grassland with U. humidicola which are hereafter referred to as NG and CG, respectively. For each grassland area, we chose four seasonally flooded areas (P1, P2, P3 and P4) that were 1 Km apart (Fig. 1a) . To evaluate how small differences in elevation affect the distribution of species, we collected samples in each area at the following three ground levels: B, bottom (longer flood duration); I, intermediate; and T, top (shorter flood duration) (Fig. 1b) . The group levels were separated by approximately 30 cm vertically and approximately 10 m horizontally.
In the field, during both flooding and dry periods, the plant cover was estimated in a delineated area of 0.50×0.50 m. At each flood level, we sampled 5 replicates distributed according to a table of random numbers from 0 to 50 m ( Fig. 1b; cf. Goodman et al. 2011) . Each quadrat was subdivided into 4 equal quadrants, and data were obtained by visual estimate by the same individual observer.
Specimens from all species were collected and subsequently incorporated in the Herbarium CGMS at the Universidade Federal de Mato Grosso do Sul. The species were identified using specialized literature (e.g., Pott 1994, 2000) . Individuals were named according to the plant list of Pantanal (Pott and Pott 1999) and Flora of Brazil (Forzza et al. 2010) , following the APG III -Angiosperm Phylogeny Group (2009).
The floristic similarities between the two types of grassland (NG and CG) and the two seasons, as well as among the three flood levels were compared. The plant community data were then ordinated by non-metric multidimensional scaling (NMDS) utilizing the Bray-Curtis distance. To determine the number of NMDS solutions utilized as a dependent variable, a linear regression of the original values of the matrix of similarity was performed with the values obtained from the ordination in one, two or three solutions. The best solution was that with the highest r 2 value and the lowest stress value. We performed 4 ordinations (2 for NG and 2 for CG). A simple linear regression was created to test the effects of axes 1 and 2. The species with the highest contributions in similarity were determined using the similarity percentage (SIMPER).
Results

Floristic Composition
The vegetation was composed of 90 species from 29 families. The CG contained 63 species; 71 species were found in the NG. Only one species was a Pteridophyte fern ally (Isoetaceae). All other species were angiosperms. Families with the greatest species representation included the Poaceae (23 species) followed by the Cyperaceae (9); the Euphorbiaceae and Plantaginaceae families (6 each); the Rubiaceae (5); the Fabaceae, Malvaceae and Onagraceae families (4); and the Alismataceae and Asteraceae families (3). Four other families were represented by 2 species, and 16 families were represented by only one species (Table 1) . Approximately 75 % of the species identified were perennial, and 25 % were annual.
The most frequently observed species included the emergent Richardia grandiflora, Diodia kuntzei and Hyptis brevipes. During the flood period, a greater occurrence of the Cyperaceae family was observed. In terms of frequency, Helanthium tenellum, Echinodorus grandiflorus, and the aquatic plants Eleocharis minima and E. acutangula were most common. During the dry period, grass species were more common. The greatest number of species was observed in the genus Paspalum. Increased coverage of Setaria parviflora, Digitaria fuscescens, Reimarochloa brasiliensis and Urochloa humidicola was also observed.
Relation Between Cultivated and Native Grasslands
At the end of the flooding season, there was higher similarity between grasslands. CG achieved 22.3 % similarity among species. During the same time period, NG exhibited 20.5 % 
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perennial X X X X X X X X X X Setaria parviflora (Poir.) Kerguélen annual X X X X X X Steinchisma laxum ( S w . )Z u l o a g a p e r e n n i a l X X X X X X Urochloa humidicola (Rendle) Morrone & Zuloaga perennial X X X X X X species similarity (Fig. 2a) . The similarity between both grasslands was maintained by the aquatic macrophytes Eleocharis acutangula, E. minima, Pontederia subovata and Echinodorus grandiflorus. Together, these species contributed to greater than 60 % of the similarity observed between NG and CG and were responsible for the observed low percentage (17.8 %) of U. humidicola. The high percentage of these species in the rainy season resulted in an increased similarity between both grasslands. The exotic U. humidicola, which exhibited minimal cover during flooding, was observed in both CG and NG. These findings demonstrate that the flood in this case resulted in increased homogenization between native and cultivated species (Fig. 2b) .
At the end of the dry period, the similarity among species in NG was increased (24.7 %) compared with CG (18.5 %). The reduced similarity in CG was due to the high percentage of U. humidicola (Fig. 2c) . U. humidicola alone contributed to 46.3 % of the dissimilarity observed between the grasslands; a significant difference (r=0.44, P<0.001) between NG and CG was observed in the dry period (Fig. 2c ).
An increase in U. humidicola coverage occurred during the dry period due to the limited growth of native species. In NG, we observed increased native species coverage. As native species coverage took over cultivated species, the heterogeneity of the grasslands increased in this period (Fig. 2d) .
By comparing the rainy and dry periods, we observed differences in vegetation structure and composition that were independent of the grassland type. During the rainy season, an increase in species similarity (19.6 %) was observed; more than 50 % of similarity in this period was attributed to Eleocharis acutangula (21.2 %), E. minima (21.0 %) and Pontederia subovata (19.7 %).
During the drought period, species similarity decreased (17.3 %). A reduction in the proportion of aquatic macrophytes provided room for terrestrial species such as Richardia grandiflora (27.6 %), Reimarochloa brasiliensis (18.7 %) and U. humidicola (12.3 %), which demonstrated the greatest similarity during this period. These species contributed to the difference observed between the seasons. Seasonality affects species in a manner that follows a pattern of distribution dependent on flood and drought, thereby forming two groups of distinct species (Fig. 3) .
Effect of Flood Levels on the Spatial Distribution of Species
The greatest similarity among species was observed at the I elevation (16.3 %); the lowest similarities were observed at the T (16.1 %) and B levels (14.5 %). The emergent R. grandiflora demonstrated the greatest contribution towards similarity (34.4 %), with increased representation at the T level; contributions to B and I were high for P. subovata (17.9 %) and E. acutangula (16.9 %), respectively. Furthermore, the stoloniferous Rubiaceae R. grandiflora and Diodia kuntzei were the only species identified at all levels in both grasslands and during both seasons. 
Some perennial species were exclusive to a given elevation. For example, Hyptis lorentziana, Discolobium pulchellum, Nymphaea gardneriana and Ludwigia nervosa were exclusively observed on the B level. The legume Mimosa pigra was exclusively observed on the I level. The sedges Cyperus cornelii-ostenii and Schoenoplectiella supina and the fern ally Isoetes pedersenii were exclusively identified on the T level ( Table 1) .
The largest difference in species community composition observed between elevation treatment levels occurred between T and B (91.7 %); the species that provided the greatest contributions to this difference included R. grandiflora (8.9 %), P. subovata (6.2 %), R. brasiliensis (6.2 %), E. minima (5.5 %) and U. humidicola (5.5 %). The smallest difference in species similarity occurred between relief levels B and I (85.2 %), where R. brasiliensis (11.4 %), E. acutangula (10 %), P. subovata (9.3 %) and U. humidicola (6.2 %) contributed to 50 % of the difference.
By grouping species, we found a high correlation between the B and I levels that is independent of the grassland type and the occurrence of flooding. Given that T does not resemble the other levels, a separate group is formed (Fig. 3) .
Discussion Floristic Composition
Our study describes differences in the floristic diversity and the structural characteristics of the vegetation noted between CG and NG; these differences are dictated by the flood pulse. All of the species listed in this text are present on the list of Pantanal plants (Pott and Pott 1999) and plants of the Brazilian flora (Forzza et al. 2010) .
The occurrence of grasses and sedges is common in seasonally flooded open habitats such as grasslands (Ladeua and Ellison 1999) . The observed species composition is in agreement with previous studies elsewhere in the region (e.g., Pagotto et al. 2011) . Grasses and legumes represent the greatest number of species in the Pantanal (Pott and Pott (Valls 1994) . Legumes are frequently present under certain types of disturbances, such as flooding and grazing (Allem and Valls 1987) . Additionally, the high cover of Richardia grandiflora, Cynodon dactylon and Hyptis brevipes reflects excessive grazing and increased trampling and harrowing (Pott and Pott 1994) . Isoetes pedersenii was the single Pteridophyte species sampled in this field; plants in this genus commonly appear in seasonally flooded areas (Choi et al. 2008 ).
Relationships Between Cultivated and Native Grasslands
Many emergent exotic species are capable of outcompeting native vegetation due to fast growth (Cronk and Fennessy 2001) . We observed homogenization and heterogenization between NG and CG that could be explained by seasonal variation. Although flooding reduces the U. humidicola coverage in CG compared to the dry period, this plant soon resumes its dominance due to its adventitious roots (Mattos et al. 2005) that suppress native species (Bennett et al. 2012) .
Although U. humidicola presented in some patches during flooding in NG, it did not succeed during the dry period. Such plants must pass through filters of adaptability, meeting the necessary conditions to germinate and compete with native plants for success and colonization (Lambers et al. 1998) . In this case, native species exhibit greater adaptability to seasonal variation. Furthermore, the low cover of U. humidicola in the NG may be an example of increased local diversity inhibiting exotic invasion (MacArthur and Wilson 1967; D'Antonio and Vitousek 1992) . The seasonal flood, which forms temporary ponds and creates a difficult habitat for the adaptation of exotic species (Junk et al. 2006) , is another factor that may inhibit exotic invasion in the NG.
Increased species richness was observed in NG compared with CG; this observation was likely due to the increased coverage of U. humidicola in CG, which may limit the germination of other species. Furthermore, U. humidicola is allelopathic (Souza Filho et al. 2005) . A single dominant invasive species can exert competitive pressure, reducing spatial heterogeneity (McGranaham et al. 2012 ).
The differences observed in vegetation structure between flooding and dry periods are due to the similarity of some species. Even though the flooding period only lasted 2 weeks on the T level and 2 months on the B level, the structure and composition of the vegetation was modified. The aquatic plants that were abundant during flooding, such as Bacopa, Cyperus, Echinodorus, Eleocharis, Ludwigia and Nymphaea species, were replaced by numerous pioneer and emergent grasses during the dry period. In secondary succession, which encompasses the replacement of species after any disturbance affecting the existing vegetation, the composition and density of species determine the plant community structure (Gleason 1926) .
Effect of Flood Levels on the Spatial Distribution of Species
As expected, the different types of hydrological regimes and topographies reveal a plant community with high selectivity within flood levels. With regard to grasslands, either flood or drought periods offer harsh conditions for plant establishment. The topographic variation in areas under seasonal floods promotes a pattern of species zonation in the structure of plant communities (Cattanio et al. 2002) . The response to postflood events, such as drought, is also equally important in seasonal habitats (Bunker and Carson 2005) . Due to undeveloped root systems, drought conditions can be more stressful and deadly to young plants than older plants. Given this Fig. 3 Grouping of species based on similarity (Bray-Curtis index) in the two grasslands (cultivated grassland (CG) and native grassland (NG)) within the flood levels (B, bottom; I, intermediate; T, top) . Distinct groups were formed by the seasonality effect (flood and drought seasons) disparity, intolerant species can be excluded from the community (Lieberman and Li 1992) .
We observed a lower number of species in the B level during the rainy period. This observation was likely due to an excess of dead matter that was deposited as the water receded. However, species richness at the B level was increased in the dry period. This occurs in areas flooded for longer periods, as such areas receive a greater number of carried seeds (Pagotto et al. 2011) . Seed build-up varies according to income (through dispersal) and output (Luken 1990 ). Both situations vary widely year round, and succession is likely regulated by seasonal patterns of seed income (Young et al. 1987) . Such patterns result in variations in abundance, species richness and vegetation composition (Pagotto et al. 2011) .
The high similarity observed between the B and I levels is common in periodically flooded areas. This similarity is attributed to the emergent plants Hyptis brevipes, Reimarochloa brasiliensis and Richardia grandiflora and the aquatic amphibious species Diodia kuntzei, Echinodorus grandiflorus, Eleocharis acutangula, E. minima, Ludwigia octovalvis and Melochia simplex Pott 1994, 2000) . Sedges are frequently observed in grasslands after a flood period (Crispim et al. 2002) . The diversity of aquatic plants associated with flood pulses favor the development of macrophytes with various life forms (Junk et al. 1989) . Differences observed in the T level were attributed to the diversity of grass species identified in the grassland. Such diversity is characteristic of a dry habitat with little or no flooding (Allem and Valls 1987; Crispim et al. 2002; Gasparino et al. 2006; Schessl 1999) .
A lack of oxygen and an increase in the concentration of phytotoxic components in flooded soils hinder both root growth and the physiological functions of plants (Mendelssohn et al. 1981) . These conditions select for various types of plant metabolism (Joly 1994) . Consequently, we hypothesize that small variations in topography exert large effects on plant community structure under flood conditions. A striking characteristic in wetlands is the distribution of plants in well-defined zones (Spence 1982) . Alterations in water levels can create conditions that reduce or eliminate the possibility of seed production, germination and establishment (Barret et al. 1993) .
The seasonal effects function as a filter at different topographic levels, favoring the establishment and development of native species due to enhanced adaptation. However, U. humidicola relies on vegetative propagation, which is more efficient than seed germination. Because CG presents with a history of planting, this exotic grass becomes dominant. The richness of exotic species is considerably increased in all spatial scales in grasslands with an overgrazing history (Altesor et al. 2006) , whereas the richness of native species is reduced. Nevertheless, flood delays the establishment of U. humidicola. If the propagation mechanism of this plant eventually fails, native diversity is restored. The abundance of seeds and seedlings suggests that the seed bank plays an efficient role in the regeneration of diversity (Bao et al. 2014) .
Although diversity is temporarily lost in natural grasslands that are subject to disturbance via the introduction of an exotic species and/or flooding, these areas are recolonized with a high proportion of emergent species and native grasses. These native plants regenerate quickly, mainly due to local richness and abundance. In accordance with our hypotheses, as well as the seasonal cycle, the variation between the characteristic flooding and dry periods in the Pantanal wetland acts as a determining factor to increase the similarity between native and cultivated grasslands. The variation in topography reveals a community structured within each level, which varies with flooding.
